Introduction
The data acquisition requirements at the Lawrence Livermore National Laboratory (LLNL) are many and varied. We have designed and built a prototype Signal Acquisition and Processing Station (SAPS) to meet the needs mentioned above for most of the LLNL applications.
The system is meant to be:
(1) easy-to-use ("user-friendly", "turn-key") so experimenters may utilize its capabilities with minimal instruction, (2) As with any project, the desire to minimize cost was a criteria. The system was configured to provide a cost versus performance design which would promote further interest at LLNL. In the final analysis, the entire system was less than $60,000 and was able to satisfy the desired specifications.
Architectural Overview
The architecture of SAPS is shown in Figure 1 . This architecture is explored below from a hardware point of view followed by a software perspective. Another advantage is that the software package included allows multiple real-time clocks. This feature provides the ability to operate up to four boards independent of one another. Note that each computer may contain 128 channels, but performance dictated that two computers be utilized to obtain the desired speed.
The storage system of each computer includes a permanent soft-sectored Winchester, a double-sided, double-density floppy, the capability of installing a tape unit, and 256 kilobytes of main memory.
The first step of implementation was to review the pseudo-systems in the marketplace and determine if an integration of the available components was feasible. This review of industry products acknowledged that off-the-shelf components were available to satisfy most of our requirements. For a variety of reasons, i.e., cost, compatibility with existing machines, available software, and others, the DEC LSI-11/23 was chosen as the computer of SAPS. The Laboratory is well supplied with support and resources for DEC equipment. As new hardware is introduced, for example, a VAX on a chip or M68000 on a Q-BUS board, the SAPS system may be easily updated. By using the LSI-11, SAPS is capable of communicating with other SAPS in a nodal network via DECnet. This will prove to be useful in field operations.
Software
The heart of this system, as with any computer system, is the associated software. The architecture is composed of a shell which encompasses a layered inner structure. The menu system, mentioned earlier, masks the software packages, operating systems, and application programs from the user. Menus may be traversed in any particular order from any menu to any other menu by the touch of a button. This is realized because the menu system is a command processer and parser of text files merged into one package. This structure allows software growth with respect to features available to the menus, and user growth in that a user may define his own menu linking scheme.
SAPS employs several software engineering techniques that have proved successful over the past decade: (1) the idea of an interactive menu, which may be easily altered by the user, (2) modularity throughout the system code, (3) memory and disk management techniques, such as space allocation and position allocation, (4) data base management techniques; for example, the signal analysis packages have their own data bases, and (5) proper selection of operating systems to complement the requirements and specifications requested. SAPS has two operating systems supplied by DEC, RT-IIFB and RSX-lIM. There are two operating systems because several important signal analysis packages execute under RSX and the data acquisition software executes under RT-ll. Having multiple operating systems definitely increased the complexity of the station, but obviated the necessity of redesigning and coding software to function under either operating system. (1) advanced signal processing programs (SIG, ANALYZE), (2) control programs, (3) diagnostic programs, (4) test programs, (5) a learning program with examples, (6) setup and initialization programs, and (7) communication programs.
Conc lus ions
We have presented the design for a low-cost, portable signal acquisition and processing station to be used in a variety of applications at LLNL. The software and hardware have been assembled with an emphasis on low-cost, reliability, ease-of-use, and maintainability. SAPS is housed in a roll-around cart which has been designed to withstand most subtle EMI/RFI environments. The software is provided for data storage, graphical display, processing, reduction, and analysis. 
